Abstract. Cerebrospinal fluid (CSF) and serum samples from patients suspected of having neuroschistosomiasis (NS) were evaluated by an enzyme-linked immunosorbent assay. Monoclonal antibodies of various immunoglobulin isotypes (IgM, IgA, IgE, total IgG, IgG1, IgG2, IgG3, and IgG4) were used to detect antibodies against Schistosoma mansoni soluble egg antigen (SEA) and soluble worm adult preparation (SWAP). Of the 83 CSF samples tested, 55% were reactive to SEA (26% were reactive only to SEA and 29% to both SEA and SWAP), 34% were reactive to SWAP (5% only to SWAP and 29% to both SEA and SWAP), and 40% were not reactive with any antigen. Cases that tested positive for SWAP in CSF and negative in serum were not found. Samples with high specific IgG antibody titers were selected for immunoglobulin isotype profiling. In the CSF samples, the antibodies against SEA and SWAP were mainly IgM, IgG1, and IgG4, although other immunoglobulins were also detected. Interestingly, nine patients had high levels of IgG1 only in the CSF. These results suggest that there is local synthesis of IgG1, and that this isotype could be an important immunologic marker in the diagnosis of NS.
INTRODUCTION
Schistosomiasis remains a major public health problem, affecting an estimated 200 million people in 74 countries. 1 The pathology of human schistosomiasis is primarily associated with egg deposition in the liver and intestine (Schistosoma mansoni and S. japonicum) or in the bladder (S. haematobium). On rare occasions, eggs may lodge in almost any other organ of the body. 2 Ectopic schistosomiasis infection of the central nervous system (CNS) is unusual, and leads to a disease called neuroschistosomiasis (NS). Cerebral lesions are caused primarily by S. japonicum, whereas S. mansoni and S. haematobium usually cause spinal cord lesions. 3 After the worms have matured and eggs have been laid, there are three mechanisms by which S. mansoni or its products may reach the CNS: 1) sparse or massive embolization of ova from the portal mesenteric system to the CNS via the arterial system or through retrograde venous flow, 2) in situ ova deposition following the anomalous migration of adult worms, or 3) deposition of immune complexes in the choroids plexus. [4] [5] [6] [7] A presumptive diagnosis of NS should be based on myelography, magnetic resonance imaging (MRI), clinical and/or laboratory evidence of neurologic lesions, demonstration of schistosome infection (by means of microscopic or immunologic techniques), and the exclusion of other causes of myelitis. 8 When surgical biopsy or autopsy is not performed, a presumptive diagnosis of NS is based on clinical, laboratory, and epidemiologic evidence.
There have been few investigations of the serology of patients with NS, and most were limited to the search for antibodies in the cerebrospinal fluid (CSF) of patients with myeloradiculopathy. [9] [10] [11] [12] Serologic techniques such as complement fixation, immunofluorescence, Western blotting, and enzyme-linked immunosorbent assay (ELISA) have been used, but none have yet achieved sufficient levels of sensitivity and specificity to justify their consideration as gold standard techniques. 2, [13] [14] [15] [16] The main objective of this investigation was to verify the existence of specific antibodies against S. mansoni soluble egg antigen (SEA) and soluble worm adult preparation (SWAP) in the CSF of patients suspected of having NS without a history of a disease that could disrupt the blood-brain barrier. In addition, we sought to establish a profile of immunoglobulin isotypes against SEA and SWAP that could characterize this condition.
MATERIALS AND METHODS
Patients. This study included 83 individuals with a presumptive diagnosis of NS who were admitted to the Neurology Department at the University Hospital of the Federal University of Bahia (Salvador, Brazil) between 1995 and 1997. Patients with evidence of medullary lesions (e.g., bladder and intestinal dysfunctions and/or lower limb weakness) were eligible for inclusion. Those who had other causes of myeloradicular damage confirmed by clinical or laboratory evidence were excluded. The clinical and laboratory characteristics of these patients are shown in Table 1 . Two control groups were used: 1) 40 patients with myelitis not associated with schistosomiasis (excluding patients with bacterial meningitis) were enrolled as clinical controls, and 2) 20 patients with a confirmed diagnosis of neurocysticercosis were included to test for ELISA cross-reactivity. All participants gave their informed consent, and the Institutional Ethical Committee approved the project protocol.
The following procedures were performed prior to administration of chemotherapy in all patients: examination of CSF (biochemistry, cytology, Venereal Disease Research Laboratory test, and immunoassays for cysticercosis and toxoplasmosis), chest radiograph, ultrasonography, and immunofluorescence test for schistosomiasis antibodies. In two cases, it was possible to perform an MRI. Serum collection and fecal examination were performed on the same day as lumbar puncture. Patients with a history of infection with human immunodeficiency virus, HTLV-I, and HTLV-II, Guillain-Barré syndrome, Chagas' disease, encephalopathy, bacterial meningitis, or viral meningomyeloradiculitis were excluded.
antischistosomal drugs. After collection, aliquots of CSF and serum were immediately stored at −20°C. Each antibody cutoff value for this study was established by calculating the mean optical density value plus three times the standard deviation. The CSF cut-off value for total IgG (SEA ‫ס‬ 0.15, SWAP ‫ס‬ 0.22) was calculated using samples from 30 patients with neuropathies other than NS, and the serum cut-off value for total IgG (SEA ‫ס‬ 0.25, SWAP ‫ס‬ 0.15) was determined using sera from 20 healthy donors.
Enzyme-linked immunosorbent assay. The SEA and SWAP antigens were obtained from S. mansoni eggs and adult worms, respectively, as described elsewhere. 18 Polystyrene microtiter plates (Immulon 2; Dynatech, Geneva, Switzerland) were coated with SEA or SWAP (1 mg/well) diluted in 0.05 M carbonate buffer, pH 9.6, and left at 4°C overnight. Non-specific attachment sites were blocked with 5% skimmed milk diluted in 0.15M phosphate-buffered saline pH 7.2 (PBS) containing 0.3% of Tween-20 (Sigma, St. Louis, MO) and incubated at room temperature for one hour. Between each step, the plates were rinsed six times with a mixture of PBS and 0.05% Tween-20. The CSF and serum samples were diluted 1:100 and 1:1,000, respectively, with a mixture of PBS and 0.05% Tween-20, and incubated at 4°C overnight. Bound specific IgG was detected using goat anti-human peroxidaseconjugated IgG (Boeringer-Mannhein, Mannheim, Germany) diluted 1:1,000 in PBS-Tween 0.05%. Tetramethylbenzidine and hydrogen peroxide (1:1) (Kirkegaard and Perry Laboratories, Gaithersburg, MD) were used to develop the plates, and absorbance was read at 450 nm.
The same ELISA protocol was followed for isotype characterization. The CSF samples were diluted at 1:20 for all immunoglobulin isotypes except IgE, which was diluted 1:2 to accommodate low total IgE concentrations. The serum samples were diluted 1:1,000 in PBS-Tween (0.05%). Bound specific antibodies were detected with monoclonal antibodies from mouse anti-human IgM, IgA, and IgE peroxidase conjugates and mouse anti-human IgG1, IgG2, IgG3, and IgG4 biotin conjugates (Sigma). For the detection of specific IgG1, IgG2, IgG3, and IgG4 human antibodies, an additional incubation with a streptavidin-peroxidase conjugate (Sigma) was performed prior to the development process.
Statistical analysis. Chi-square and Fisher's exact tests were used to evaluate differences in the number of patient samples that tested positive for antibodies.
RESULTS
The 83 patients included in this study ranged in age from five to 77 years old (median ‫ס‬ 36.00); 53 (63.8%) were male, 30 (36.2%) were female, and all patients had lived in or visited areas endemic for schistosomiasis with various levels of transmission. The percentage of serum and CSF samples that had high levels of antibodies against SEA and SWAP is shown in Figure 1 . IgG antibodies against SEA were detected more frequently than IgG against SWAP in the CSF samples (55% versus 34% of the 83 CSF samples; P ‫ס‬ 0.00009482), but there was no statistically significant difference between the frequency of antibodies to SEA and SWAP in the serum samples (P ‫ס‬ 0.1955782). There were no differences in clinical presentation between patients with negative or positive results in CSF or serum.
When the paired samples of CSF and serum (n ‫ס‬ 49) were analyzed, 28 (57%) of these samples had detectable levels of antibodies against SEA in both CSF and serum. Interestingly, high levels of antibodies against SEA were found in the CSF but not in the serum (Table 2 ) of three (6%) paired samples. All three patients were male residents of areas endemic for schistosomiasis, and laboratory analysis identified increased levels of protein and eosinophils in their CSF. The immunofluorescence test result was negative for one sample and the fecal parasitologic examination results were negative for all three. After chemotherapy, all the patients showed improvement in their neurologic status. In cases where it was possible to perform the ELISA, they showed antibody levels in the CSF below those observed previously.
Immunoglobulin isotype characterization of the CSF samples (Figure 2) , showed that IgM, IgG1, and IgG4 antibodies against SEA and SWAP had the highest median optical density values. However, nine patients with high CSF levels of IgG1 antibodies against SEA had negative serum samples. In the serum samples, IgM against SEA and SWAP had the highest optical density values.
DISCUSSION
The worldwide incidence and prevalence of spinal cord schistosomiasis is unknown. Few cases have been reported since the initial ones reported in the early 20th century. 19 Neurologic complications caused by S. mansoni are uncommon, and reports of NS presenting as an intracerebral mass lesion are particularly rare. 20 Although advances in clinical, laboratory, and radiologic technology have improved the ability to diagnose NS, the validity of serologic tests in diagnosing NS is still controversial. 2, 10, 11, [15] [16] [17] [18] [19] [20] [21] Although some investigators have used the ELISA to quantify antibodies in CSF, these investigations evaluated only reactivity to antibodies against SEA. 2, 15, 16 In our study, 55% of the CSF samples were reactive to SEA (26% were reactive only to SEA and 29% to both SEA and SWAP), 34% were reactive to SWAP (5% only to SWAP and 29% to both SEA and SWAP), and 40% were not reactive to any antigen. We increased the detectable amount of positive samples by 5% by including SWAP antigen in the ELISA. In this study, we identified three patients whose CSF samples were positive for total IgG but whose paired serum samples were negative. The fact that high levels of IgG1 were also identified in the CSF of nine cases that had negative serum results further supports the local production of S. mansoni-specific antibodies through oligoclonal synthesis in the CSF. This possibility has been suggested in previous investigations. 22 In one of our patients, laminectomy and biopsy were performed and the histopathologic analysis revealed a granulomatous reaction around a S. mansoni egg in nerve tissue (Figure 3 ). To date, immunoglobulin isotype characterization has been performed only by immunohistochemistry on the choroids plexus, but there have been no immunoglobulin isotype profiles using CSF. 7 Our investigation shows, for the first time, that different immunoglobulin classes and isotypes could be detected by ELISA in the CSF of patients with suspected NS.
Antibodies against S. mansoni that are detectable in the CSF samples of patients with NS could reflect increased serum antibody titers. However, in this investigation, there were three patients who had total IgG antibodies exclusively in their CSF samples and nine with the IgG1 subtype ( Figure  2 ). Three patients with strong clinical epidemiologic evidence of NS had negative results on immunologic, immunofluorescence, and parasitologic examinations (Table 2 ). However, negative fecal examinations results could be due to the fact that only one sample was collected from each patient. The negative immunologic and immunofluorescence results in two cases may indicate antibody levels below our limit of detection.
Although we were able to detect antibodies to SEA and SWAP in 97.6% of the CSF samples by the ELISA, it was not possible to calculate the sensitivity and specificity of this test because, for ethical reasons, we were unable to obtain CSF from healthy donors and could not biopsy all patients to identify S. mansoni eggs in the CNS. Currently, the demonstration of eggs in a spinal biopsy specimen remains the only existing gold standard test, and is the only certain proof of NS. 21 Although we were unable to establish the sensitivity of the ELISA in this study, we have demonstrated that this assay is specific for S. mansoni infection, since there were no antibody cross-reactions in patients with neurocysticercosis or other neuropathies. Previous studies have shown that this assay can also be used to understand NS pathology. 23 Our results indicate that IgG1 is the most discriminating isotype marker for the diagnosis of NS. However, more investigations are necessary to confirm this hypothesis. 
